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1.0  GEOLOGY AND SOILS 

As a result of the Initial Study, the City of Long Beach determined that the proposed project had 
the potential to result in impacts related to geology and soils.  Detailed analysis of this issue is, 
therefore, included in this Environmental Impact Report (EIR).  This analysis was undertaken to 
identify opportunities to avoid, reduce, or otherwise mitigate potentially significant impacts 
related to geology and soils. 

This analysis has been undertaken to determine if the LBMMC Expansion project (proposed 
project) may have a significant impact on geology and soils in accordance with Section 15063 of 
the CEQA Guidelines.  The conclusions rely upon expert opinion supported by facts, published 
maps and reports (such as California Geological Survey, formerly Department of Conservation 
Division of Mines and Geology, 1988a, 1994, 1996, 1997a, 1999; U.S. Geological Survey, 
1964), technical studies, and planning documents such as the County of Los Angeles General 
Plan Safety Element (County of Los Angeles Department of Regional Planning, 1990), and the 
City of Long Beach Municipal Code (Building Codes, Municipal Code Chapter 18.24) and 
General Plan Seismic Element (1988).  Technical analysis for this section of the EIR was 
completed by SCS Engineers (SCS). 

1.1  Regulatory Framework

This regulatory framework identifies the federal, state, and local statutes and policies that relate 
to geology and soils and must be considered during the decision-making process for projects that 
involve grading (excavation or fill), modification of existing structures, or construction of new 
structures.

State

California Geological Survey (CGS) 

The CGS identifies several earth resource issues that should be taken into consideration when 
evaluating whether the proposed project would likely be subject to geologic hazards, particularly 
hazards related to earthquake damage. These considerations include both the potential for 
existing geologic and soil conditions to pose a risk to the project and the potential for the 
proposed project to result in an impact to the existing geologic and soil conditions by creating or 
exacerbating a geologic hazard. 

The CGS conducts studies related to geologic hazards (e.g., faulting, liquefaction, seismically 
induced landslides, and ground shaking) as they affect people and structures. These relate to the 
Alquist-Priolo Earthquake Fault Zone (APEFZ) Act and Seismic Hazards Mapping Act, 
described below. The CGS also issues guidelines for the evaluation of geologic and seismic 
factors that may impact a project or that a project may affect. The CGS publications that are most 
applicable are as follows: 

Special Publication 99, Planning Scenario for a Major Earthquake on the Newport-
Inglewood Fault Zone (CGS 1988a). 

Open File Report 88-14, Recently Active Strands of the Newport-Inglewood Fault Zone, 
Los Angeles and Orange Counties, California, (CGS 1988b). 
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Special Publication 42, Fault Rupture Hazard Zones in California (CGS,  revised 1997). 

Special Publication 117, Guidelines for Evaluating and Mitigating Seismic Hazards in 
California (CGS, 1997). 

Alquist-Priolo Earthquake Fault Zone Act of 1972 

The CGS has delineated Earthquake Fault Zones along known active or potentially active faults 
in California pursuant to the APEFZ Act of 1972 (Public Resources Code Section 2621 et seq.). 
This designation indicates that an active fault is present in the zone and may pose a risk of 
surface rupture.  The State of California (State) delegates the authority to local government to 
regulate development within APEFZ. Construction of habitable structures is not permitted over 
areas of potential rupture.  A geologic study would likely be required prior to construction of 
such structures within Earthquake Fault Zones to demonstrate that they are not located over an 
area of potential rupture.

The closest active fault to the project site is the Cherry Hill segment of the Newport-Inglewood 
fault.  Recent information indicates that the fault is located approximately 1000 feet (300 meters) 
northeast of the project site (personal communication D. Clarke, City of Long Beach Department 
of Oil Properties, 2004).  Proposed project buildings are not identified as being within an 
Earthquake Fault Zone on an APEFZ Map.  Therefore, the potential for surface rupture due to 
fault plane displacement propagating to the surface under structures during the design life of the 
project is considered low. 

Seismic Hazards Mapping Act of 1990 

The CGS has also identified Seismic Hazard Zones that are delineated in accordance with the 
Seismic Hazards Mapping Program of the Seismic Hazards Mapping Act of 1990 (Public 
Resources Code Section 2690 et seq.). The Act provides for “a statewide seismic hazard 
mapping and technical advisory program to assist cities and counties in fulfilling their 
responsibilities for protecting the public health and safety from the effects of strong ground 
shaking, liquefaction, landslides, or other ground failure, and other seismic hazards caused by 
earthquakes.” Portions of the proposed project site are identified on the Long Beach Quadrangle 
Official Seismic Hazard Zones Map within a zone of liquefaction potential (CGS, 1999). 

California Building Code 

The majority of coastal California, including the proposed project site, lies within Seismic Zone 
4, the highest level hazard zone designated by the current Uniform Building Code (UBC). The 
California Building Standards Code, or California Building Code (CBC), augments and 
supercedes the UBC with stricter requirements to reduce the risks associated with building in 
Seismic Zone 4 to the maximum extent practicable. The CBC (Code of Regulations, Title 24) 
sets standards for the investigation and mitigation of the site conditions related to fault 
movement, liquefaction, landslides, differential compaction/seismic settlement, ground rupture, 
ground shaking, tsunami, seiche, and seismically induced flooding.  Mitigation of geological 
(including earthquake) and soil (geotechnical) issues must be undertaken in compliance with the 
CBC.
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Local

County of Los Angeles General Plan 

The County of Los Angeles Board of Supervisors adopted the first Safety and Seismic Safety 
elements in 1975 as components of the County of Los Angeles General Plan (County of Los 
Angeles, 1980, 1990).  The provisions of those elements were updated, revised, and combined in 
one document and included in the Streamlined County of Los Angeles General Plan (County of 
Los Angeles, 1993). The current County Safety element addresses seismic hazards related to 
surface rupture and ground shaking, as well as geologic hazards associated with unstable ground. 

Specifically, the General Plan includes a seismic hazard goal to minimize injury and loss of life, 
property damage, and the social, cultural, and economic impacts caused by earthquake hazards. 
The policies supporting this goal relevant to the proposed project, include continue enforcement 
of stringent site investigations (such as seismic, geologic, and soils investigations) and 
implementation of adequate hazard mitigation measures for development projects in areas of 
high earthquake hazard.  The “Seismic Zones Map” of the County of Los Angeles General Plan 
must be taken into consideration in the project planning process. 

The geologic hazards goal to protect public safety and minimize the social and economic impacts 
from geologic hazards is supported by policies relating to issues such as approval of projects in 
areas that are susceptible to landsliding, debris flow, and rockfalls and in areas where collapsible 
soils are problems.  Approval in these cases is contingent on the ability to satisfactorily mitigate 
these problems. 

County of Los Angeles Building Codes 

The County has adopted and amended the California Building Code, described above, to reflect 
local geologic and seismic conditions. The County of Los Angeles Building Code (Los Angeles 
County Codes, Title 26) would be the standard for evaluation of the adequacy of geotechnical 
and engineering geology studies needed for design and construction in the County. The proposed 
project would be subject to the provisions of both the CBC and the County of Los Angeles 
Building Code.  In addition, the Building and Safety Division of the County of Los Angeles 
Department of Public Works has jurisdiction over projects where grading is required to ensure 
the safety of workers and to ensure the safety of the public once the project is constructed. 
Grading and proposed structures must comply with the County Building Code and the County 
Hydrology Manual. 

City of Long Beach 

Building and construction within the City of Long Beach are subject to the regulations of the 
City of Long Beach Municipal Code.  Municipal Code Chapter 18.24, Building Codes, adopts 
and incorporates by reference the California Building Code (Volumes I and II, 2001 Edition).  
This Municipal Code chapter includes amendments and modifications to the California Building 
Code that are specific to Long Beach.  The California Building Code in turn incorporates 
provisions of the Uniform Building Code, which contains seismic design criteria and grading 
standards. 
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The City of Long Beach General Plan adopted the Seismic Safety Element of the General Plan 
on October 1988.  The purpose of this element is to provide a comprehensive analysis of seismic 
factors in order to reduce the loss of life, injuries, damage to property, and social and economic 
impacts resulting from future earthquakes.  The Seismic Safety Element is a seismic safety 
planning tool and contains goals and recommendations that provide guidance for development in 
seismically active areas.  To achieve maximum feasible safety from seismic risk, the Seismic 
Safety element focuses upon current developmental policies as well as the allocation of future 
land uses.

1.2  EXISTING CONDITIONS 

Regional Geology

Geologically, the project area is located in the southwestern portion of the Los Angeles basin.
The basin formed when basement (older) rocks were structurally downwarped allowing a thick 
sequence of Upper Cretaceous through Recent age (approximately 100 million years ago to 
present) sedimentary units to form.  The sedimentary basin fill in the project area is estimated to 
be 12,000 feet (3660 meters) thick (Yerkes, et al, 1965).  The basin fill in this area consists 
predominantly of marine origin sandstone, siltstone, and shale of Middle Miocene to Pliocene 
age (approximately 16 to 1.8 million years ago) overlain by predominantly marine sand and silt 
of Pleistocene to Recent age (approximately 1.8 million years ago to present).   

The rocks of the basin are cut by numerous faults, many of which are strike-slip faults of 
generally northwest-southeast orientation. A number of faults in the basin are considered to be 
active or potentially active (Tables 1 and 2).    Research has also indicated several blind thrust 
faults (low angle faults which do not break the surface) are active or potentially active and could 
cause significant ground shaking (Shaw and Suppe, 1996).  Of faults considered active, the 
Newport-Inglewood fault zone is located closest to the project site, within approximately 1,000 
feet (300 meters) northeast. The  

Newport-Inglewood zone extends from the Baldwin Hills to Newport Bay and is considered 
active.  Some recent research also indicates that the Compton-Los Alamitos Blind Thrust, which 
may be located in the deep subsurface under the project site, may or may not be active or 
potentially active (Shaw and Suppe, 1996; Mueller, 1997). 

Site Specific Geology and Soils

Surface elevation in the project area is between approximately 35 and 50 feet (10 to 15 meters) 
above mean sea level.  The site generally slopes to the southwest but there are no steep slopes.  
The investigation area is located on the western flank of the Signal Hill uplift, approximately 1 
mile (1.6 kilometers) east of the Los Angeles River and approximately 3 miles (4.8 kilometers) 
north of the Long Beach shoreline.  Surficial geologic materials in the area consist of Pleistocene 
and Recent non-marine and marine units, predominantly sand, silty sand, sandy silt, silt, and clay 
(Figure 1).  Undisturbed soil at the site is not considered significantly erodable.  In addition to 
native materials and engineered fill placed in connection with construction activities, an 
unknown volume of unclassified fill, including gravel, debris, and waste oil field material, was 
used to bring a former on-site ravine up to grade prior to use of the site for hospital facilities.
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Native and fill soils were encountered in borings drilled during subsurface site investigations.  
There are no unique geological features at the project site.   

Portions of the project area are within the Long Beach oil field and several abandoned petroleum 
production wells are located at the site (see detailed description of these in the Hazardous 
Materials section of this EIR).  The portion of the ground surface within the oil field that is also 
within the project area no longer contains active oil production facilities.  The project is not 
located in a Mineral Resource Zone as identified by the CGS. 

The uppermost regional aquifer in this area is anticipated to be the Gage (California Department 
of Water Resources, 1961), located at a depth of approximately 200 to 250 feet (60 to 75 meters) 
below ground surface (bgs).  Uppermost groundwater beneath most of the area occurs at a depth 
estimated at 50 feet (15 meters) bgs within sands of the Lakewood Formation, however a thin 
perched zone of groundwater was encountered as shallow as 15 feet (5 meters) bgs in the 
northern portion of the expansion area. 

As indicated above, a portion of the Newport-Inglewood fault zone, known as the Cherry Hill 
segment, is located within approximately 1,000 feet (300 meters) of portions of the project area.  
The Newport-Inglewood fault is capable of a 7.1 magnitude earthquake (Cao, et al, 2003).  
Maximum horizontal ground acceleration was estimated on a design and upper bound earthquake 
basis in a recent study (MACTEC, 2004), with a 10 percent chance of exceedance during 50- and 
100-year time periods, respectively.  The design and upper bound basis peak ground 
accelerations were estimated at 0.52 and 0.65 g. 

Environmental Setting in Relation to Proposed Project

Seismicity -- 

The project is located in an area that is susceptible to strong ground shaking from severe 
earthquakes. Earthquakes on faults, such as the nearby Newport-Inglewood (capable of 7.1 
magnitude), can generate seismic shaking. There are also a number of other active and 
potentially active faults within 60 miles (100 kilometers) of the site, any of which could cause 
significant ground shaking at the site (Tables 1 and 2, Figure 2). Some of the faults present a 
risk of very strong ground shaking that must be considered for facilities where public safety and 
post-earthquake function are necessary. Implementation of the proposed project could expose 
people and structures to strong seismic ground shaking, which represent a potentially significant 
adverse impact unless mitigation is incorporated. 

Potential seismic forces resulting from an earthquake as they might affect buildings and other 
structures are often quantified as peak ground acceleration.  MACTEC (2004) has determined 
site-specific peak ground acceleration using the Design Basis Earthquake having a 10 percent 
probability of exceedance during a 50-year time period and the Upper Bound Earthquake having 
a 10 percent probability of exceedance during a 100-year time period of 0.52 g and 0.65 g, 
respectively.  It is recommended that conservative factors of safety be applied to the design of 
critical structures. 
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Groundwater -- 

Groundwater has been encountered at depths of 40 to 50 feet (12 to 15 meters) below ground 
surface in the project area.  Approximately 10 to 15% of the project site overlies an area 
potentially susceptible to liquefaction, as indicated on the California State Seismic Hazard Maps.  
A portion of the site, extending from near the intersection of Columbia Street and Atlantic 
Avenue in the northeast to the intersection of Patterson Avenue and Long Beach Boulevard on 
the west, is susceptible to liquefaction (Figure 3). This area is the former location of a ravine 
crossing the area that was backfilled with unclassified fill soil prior to construction of the present 
hospital buildings (Figure 4).  Some of this unclassified fill has subsequently been removed and 
replaced by engineered fill.  Perched groundwater has been encountered in this fill material 
(SCS, May 2004).  The perched water may be seasonal. Much of this unsuitable fill material has 
been removed and replaced with compacted engineered fill, however some remains.  All of the 
remaining unclassified fill that underlies buildings that are to be constructed as part of the project 
will also be removed and replaced.  The most common effects of liquefaction are ground 
settlement and cracking, sinking and/or tilting of heavy surface structures, buoyancy of some 
buried structures (e.g., pipelines, tanks), and shallow lateral spread landslides near drainages 
with exposed Afree faces@ (e.g., flood control channels, stream banks).  Based on soil parameters 
measured at the site, MACTEC (2004) has calculated the liquefaction induced settlement to be 
less than 0.25 inches (0.64 centimeters).  Where liquefaction does not occur, soils may be subject 
to seismic settlement from densification during severe shaking. 

Soils Issues -- 

Expansive soils have relatively high clay mineral content and are usually found in areas where 
underlying formations contain an abundance of clay minerals or where coarse-grained materials 
are weathered and break down into clay-rich materials. Although there is some clay in the natural 
soils in the project area, the soil is primarily silt and silty sand.  The Leroy Crandall and 
Associates report of April 10, 1969 indicates that the clay soils are somewhat expansive.  
Following standard engineering practice, all expansive soil that could potentially negatively 
affect buildings or other project components would be removed and replaced with properly 
engineered fill soil prior to building construction. 

As described in the project report Hazards and Hazardous Materials (SCS, October 2004), 
evaluation of California Department of Conservation, Division of Oil, Gas, and Geothermal 
Resources (DOGGR) records for the project area revealed 9 former oil well locations on the 
project site.  Activities associated with oil well drilling and oil production, including drilling mud 
pits, sumps, and pipelines, may be encountered in the vicinity of the former wells.  Some of these 
facilities may be associated with soil contaminated with hydrocarbons, metals, or other 
potentially hazardous substances.  As discussed in the Hazards and Hazardous Materials report, 
soil with field indications of potential contamination encountered during project earthwork, will 
be tested and removed if found to be contaminated or otherwise unsuitable.  This approach will 
apply also to soils, described above as unclassified fill, located in a former ravine that was 
historically filled using petroleum containing soil and miscellaneous oil field and other debris 
(see Figure 4 for approximate location of remaining unclassified fill). 
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1.3  Significance Thresholds

The following are the potentially relevant standards of significance: 

The project would conflict with legal requirements regarding geologic hazards or soil 
conservation.

The project would expose people or structures to significant injury or damage due to 
geological hazards.  For instance if the project is located in a known fault rupture zone, 
the site includes material subject to seismically induced liquefaction or landsliding, or 
the soils are sufficiently expansive or likely to subside so that significant building 
damage might result. 

The project would result in significant soil erosion, loss of mineral resources, or loss of a 
unique geological feature. 

1.4  Impact Analysis

Seismicity 

The surface expression of known active or potentially active faults do not pass directly through 
the project site, however a number of known regional active faults are located at distances where 
they could produce substantial ground shaking at the project site.  Similar to development 
throughout most of southern California, implementation of the proposed project will result in 
exposure of persons at the project site to substantial ground shaking and thus a degree of seismic 
hazard risk.  The proposed project will be constructed in accordance with the California Building 
Code, Long Beach Municipal Code, and Uniform Building Code.  In addition, the maximum 
probable seismic ground acceleration will be taken into consideration when designing all 
structures in order to minimize potential hazards.  Furthermore, geotechnical studies prepared for 
each phase of building will be undertaken in accordance with the CGS Guidelines for Evaluating 
and Mitigating Seismic Hazards in California (1997b).  The project will be consistent with the 
goals and recommendations of the Seismic Safety Element of the Long Beach General Plan.  For 
these reasons, impacts associated with seismic hazards will be reduced to the extent possible and 
will be less than significant. 

Another potential impact associated with seismic activity that could occur at the site is 
liquefaction.  Soils in most areas of the site are not susceptible to liquefaction, however, as 
discussed previously, some areas of the project site are located within the CGS liquefaction 
hazard zone.  Potential impacts due to liquefaction could include foundation bearing failure or 
large foundation settlements, imposition of additional loads on foundations, localized lateral 
displacement (spreading) or compression, floatation of light structures, and damage to 
infrastructure such as streets and utilities.  The liquefaction potential will be evaluated as part of 
the detailed geotechnical study for each new building phase and for any new infrastructure, as 
required by the California Building Code and Uniform Building Code.  Unsuitable fill soils 
located under proposed structures will be removed and replaced with properly engineered fill.  
Subsurface drainage will be provided where necessary to prevent near surface soil saturation.  
Geotechnical studies and design will be undertaken in accordance with the CGS Guidelines for 
Evaluating and Mitigating Seismic Hazards in California (1997b).  For these reasons, impacts 
associated with potential liquefaction will be less than significant. 
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Grading-Related

Since the project will, overall, require substantial grading and filling, erosion or stockpiled soil 
or of exposed soil surfaces could occur.  Specifically, excavation, grading, stockpiling, and other 
earth moving activities could exposed site soils to wind- or water-generated erosion.  Best 
management practices will be employed in preparation of and during periods of precipitation 
when earth moving activities are being conducted or when soil has been exposed by these 
activities in order to eliminate or reduce erosion to the extent possible.  Implementation of Best 
Management Practices will ensure that the project will not result in substantial soil erosion and, 
therefore, erosion related impacts will be less than significant. 

Although there are some clay soils in the project area and some of these have been indicated to 
be somewhat expansive in a few past geotechnical reports, soil at the site is predominantly silty 
and sandy and not expansive.  Extensive additional geotechnical testing will be conducted in area 
where foundations will be placed and any unsuitable soils that could potentially swell and affect 
buildings or other proposed project components will be removed and replaced with engineered 
fill.  In addition, there is no evidence or reason to believe that soils, with the possible exception 
of unclassified fill, would be subject to significant subsidence.  For these reasons, impacts 
associated with potentially expansive soils will be less than significant. 

As indicated above, if indications, of potentially contaminated soil, such as discoloration or 
odors, are encountered during grading, these soils will be tested and removed if found to be 
unsuitable to remain in place.  Additional information on this topic is included in the section of 
the EIR dealing with Hazards and Hazardous Materials. 

Cumulative Impacts 

Development of the LBMMC expansion will not result in cumulatively significant impacts 
associated with potential seismic hazards or with grading.

1.5  Mitigation Measures

The following mitigation measures are recommended to ensure that potential impacts associated 
with geology and soils will be less than significant: 

Measure Geology-1.  Geotechnical studies will be conducted as necessary to assure that 
all critical soil parameters are defined, areas and depths where soil saturation could 
occur are delineated, and maximum probable ground acceleration and other seismic 
related effects can be predicted. 

Measure Geology-2.  Design will be in accordance with the Seismic Safety Element of 
the Long Beach General Plan, the California Building Code, and the Uniform Building 
Code.  Design will take into account all data resulting from geotechnical studies, 
including items such as anticipated maximum seismic ground acceleration, soil bearing 
strength, and optimal soil compaction parameters.  The foundation design will also 
include specifications for removing all of the remaining unclassified fill that underlies 
buildings that are to be constructed as part of the project. 
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Measure Geology-3.  Construction oversight will be conducted in order to assure that 
project elements are built in accordance with the design.  If unexpected geologic or soils 
elements are encountered during excavation construction oversight will assure that these 
are defined and incorporated into design modifications, as necessary. 

Measure Geology-4.  Best Management Practices will be implemented during times 
when soils are exposed to precipitation in order to minimize erosion.  Best Management 
Practices will be in accordance with California State Water Resources Control Board 
and U.S. EPA guidance and may include such items as use of sediment traps and filters 
during construction. 

1.6  Level of Significance After Mitigation

With implementation of the recommended mitigation measures, potentially significant impacts 
due to geology and soil related issues will be less than significant.  Conduct of geotechnical 
studies of adequate scope and number, a number of which have already been completed, will 
assure that subsurface geology and soils engineering issues are well defined so that design can 
rely on the data generated.  Design in accordance with Long Beach General Plan and Building 
Codes, the California Building Code, and the Uniform Building Code will assure that the 
resulting project elements will provide the maximum protection against seismic hazards.  
Construction oversight will assure that design elements are met.  Implementation of Best 
Management Practices will insure that soil erosion is less than significant. 
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Figure 1.  Geological Map, LBMMC Expansion Project Area, Long Beach, CA.
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Figure 3. Mapped Liquefaction Hazard Zone from California State Seismic Hazard 
Map, LBMMC Expansion Project Area, Long Beach, CA.
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Figure 4.  Area of Unclassified Fill, LBMMC Expansion Project Area, Long Beach, CA.
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Table 1
Major Named Faults Considered to be Active

in Southern California

Fault
(increasing distance)

Maximum
Magnitude

Fault
Type

Slip Rate
(mm/yr.)

Distance
from Site

(kilometers)

Direction
from Site

Newport-Inglewood Zone 7.1 SS 1.0 0.3 NE
Palos Verdes 7.3 SS 3.0 10 ½ SW
Puente Hills Blind Thrust 7.1 BT 0.7 11 ½ NE
Upper Elysian Park 6.4 BT 1.3 25 N
Whittier 6.8 SS 2.5 25 NE
San Joaquin Hills 6.6 BT 0.5 27 SW
Santa Monica 6.6 RO 1.0 33 NW
Raymond 6.5 RO 1.5 34 N
Hollywood 6.4 RO 1.0 36 N
Verdugo 6.9 RO 0.5 38 N
Malibu Coast 6.7 RO 0.3 41 NW
Sierra Madre 7.2 RO 2.0 42 NE
Northridge Thrust 7.0 BT 1.5 45 NW
Chino - Central Avenue 6.7 NO 1.0 49 NE
Elsinore (Glen Ivy Segment) 6.8 SS 5.0 49 E
San Gabriel 7.2 SS 1.0 51 NNE
Anacapa-Dume 7.5 RO 3.0 52 NW
San Fernando 6.7 RO 2.0 52 N
Cucamonga 6.9 RO 5.0 57 NE
Simi-Santa Rosa 7.0 RO 1.0 72 NW
San Andreas (San Bernardino Segment) 7.5 SS 24.0 78 NE
Oak Ridge 7.0 RO 4.0 79 NW
San Jacinto (San Bernardino Segment) 6.7 SS 12.0 79 NE
San Cayetano 7.0 RO 6.0 100 NW

SS - Strike Slip

NO - Normal Oblique

RO - Reverse Oblique

BT - Blind Thrust

Source:  MACTEC, 2003



Table 2
Major Named Faults Considered to be Potentially Active

in Southern California

Fault
(increasing distance)

Maximum
Magnitude

Fault
Type

Slip Rate
(mm/yr.)

Distance
from Site

(kilometers)

Direction
from Site

Los Alamitos 6.2 SS 0.1 6.7 NE
Norwalk 6.7 RO 0.1 15 NE
Charnock 6.5 SS 0.1 25 NW
Coyote Pass 6.7 RO 0.1 25 N
Overland 6.0 SS 0.1 26 NW
MacArthur Park 5.7 RO 0.1 27 N
Clamshell-Sawpit 6.5 RO 0.5 43 NE
Duarte 6.7 RO 0.1 43 NNE
San Jose 6.4 RO 0.5 44 NE
Indian Hill 6.6 RO 0.1 45 NE
Northridge Hills 6.6 SS 1.2 53 NW
Santa Susana 6.7 RO 5.0 63 NW
Holser 6.5 RO 0.4 81 NW

SS - Strike Slip

NO - Normal Oblique

RO - Reverse Oblique

BT - Blind Thrust

Source:  MACTEC, 2003



Date
Location

(latitude, longitude)
Local

Magnitude *
Moment

Magnitude*
Distance from Site 

(kilometers)
December 8, 1812 33.70, -117.90 6.90 ** 7.5 ** 33

July 22, 1899 34.30, -117.50 6.50 ** -- 85

May 15, 1910 33.70, -117.40 6.00 -- 78

July 23, 1923 34.00, -117.25 6.25 -- 92

March 11, 1933 33.62, -117.97 6.30 6.4 33

February 9, 1971 34.41, -118.40 6.40 6.6 66

October 1, 1987 34.06, -118.08 6.10 5.9 29

February 28, 1990 34.14, -117.70 6.20 -- 59

January 17, 1994 34.21, -118.54 6.80 *** 6.7 51

** Estimated *** Surface-wave magnitude

* Moment magnitude is preferred to local, or Richter, magnitude because it provides a more 
reliable estimate of the size of an event, particularly for very large earthquakes. 

Table 3
Historical Earthquakes of Magnitude 6.0 and Above 

within 100 km of the Project

Source: U.S. Geological Survey, Earthquake Hazards Program, National Earthquake Information 
Center, Earthquake Database; http://neic.usgs.gov/neis/epic/epic_circ.html




